Objectives: To evaluate the trend of dyslipidaemia from 1996 to 2006 and examine its relationship with weight status among adolescents in Taiwan. Design: 2 cross-sectional surveys were conducted in 1996 and 2006.
Results: From 1996 to 2006, the prevalence of dyslipidaemia and hypercholesterolaemia significantly increased from 13% (95% CI 11.3% to 15.0%) to 22 .3% (95% CI 20.0% to 24.7%) and 6.2% (95% CI 5.0% to 7.6%) to 13.8% (95% CI 11.9% to 15.9%), respectively. The prevalence of hypertriglyceridaemia and low HDL-C dyslipidaemia increased from 3% (95% CI 1.8% to 4.5%) to 4.3% (95% CI 2.8% to 6.2%) and 6.5% (95% CI 4.8% to 8.6%) to 11.6% (95% CI 9.1% to 14.5%), with significance seen only in boys. When compared with normal weight participants, overweight boys and girls faced a 2-fold and 1.6-fold increased risk of dyslipidaemia, respectively, in the 2006 study. The increased risk of low HDL-C dyslipidaemia for overweight participants was 2.6-fold and 7.2-fold in boys and girls, respectively. In 2006, each unit increment of BMI was associated with 28%, 13% and 13% risk of hypertriglyceridaemia, low HDL-C and dyslipidaemia for boys, and 25% risk of low HDL-C dyslipidaemia in girls.
INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death worldwide and accounts for 30% of all global deaths. 1 The WHO predicts that, by 2030, CVD will account for 23.3 million deaths compared with the 17.3 million deaths seen in 2008. 1 CVD is a group of disorders which affect the heart and/or the blood vessels. Disorders include coronary heart disease, cerebrovascular disease, peripheral arterial disease, rheumatic heart disease, congenital heart disease, deep vein thrombosis, pulmonary embolisms, etc. 1 In addition to age and gender, unhealthy diets, physical inactivity, hyperglycaemia, cigarette smoking, dyslipidaemia, hypertension, type 2 diabetes and obesity have been identified as risk factors for the prediction of development of CVD. [1] [2] [3] Childhood obesity has also been identified as one of the most important risk factors of developing cardiometabolic diseases such as dyslipidaemia, insulin resistance and hypertension. [4] [5] [6] [7] The trends of obesity and Strengths and limitations of this study ▪ Repeat cross-sectional survey conducted in 1996 and 2006 with sufficient sample size to evaluate the trend of dyslipidaemia among adolescents. ▪ Demonstrates the detailed characteristics of lipid profiles (including total cholesterol, triglyceride, high-density lipoprotein cholesterol and low-density lipoprotein cholesterol) among adolescents. ▪ Provide information regarding the trend and prevalence of different definition of dyslipidaemia among normal and overweight adolescents. ▪ Analyses different models for adjusting the potential confounders such as age, gender, cigarette smoking, alcohol intake and puberty status and year trend. ▪ Dietary and physical activity information collected and analysed were inappropriate due to limitations of instrument.
dyslipidaemia have been studied extensively in Western societies; however, there is a lack of data pertaining to adiposity and abnormal lipid profiles in the Taiwanese population. 8 The research into the relationship between children with abnormal blood lipid profiles and CVD is important to mitigating the problem of childhood obesity.
In Taiwan, the prevalence of obesity also continues to increase among adults and children, which may be attributed to the steadily increasing availability of a high-fat, highcalorie diet as well as a more sedentary and physically inactive lifestyle. [9] [10] [11] [12] In recent 20 years, there was also an increase in prevalence rate of overweight and obesity among Taiwanese adolescents (12-15 years). 10 13 The trend of overweight has almost tripled over two decades, from 3% to 12% from the years 1970-1988. 13 14 The purpose of this study was to evaluate the recent trend of dyslipidaemia and its relation to anthropometric and biochemical measurements in order to predict the future prevalence rate of CVD among adolescents in Taiwan.
MATERIALS AND METHODS Study population and design
The Taipei Children Heart Studies were a series of epidemiological surveys conducted during the past two decades which investigated CVD risk factors among school children living in Taipei, Taiwan. 15 In 1996 and 2006, two cross-sectional surveys were conducted in Taipei among junior high school students in order to ascertain a representative distribution of demographic, lifestyle and biochemical characteristics and CVD risk factors. During 1996, 101 000 junior high school students were enrolled in 47 large schools (≥40 classes per school) and 28 000 students in 38 small schools (<40 classes per school). After multistage sampling, random selection of seven large schools and three small schools, with six classes sampled per school, a total of 1500 junior high school students were chosen for this epidemiological survey in 1996. The same techniques were used for the multistage sampling method conducted in 2006 and a total of 1283 students were selected. After factoring in study power and excluding missing data, a total of 1353 (676 boys and 677 girls) and 1203 (585 boys and 618 girls) children were included in the final analyses in 1996 and 2006.
All participating children completed a structured questionnaire detailing their gender, age, puberty development and lifestyle characteristics, such as cigarette smoking and alcohol consumption. The questionnaires were submitted to an expert panel with each question tested for test-retest reliability and validity. Informed consent was obtained from the parents and children.
Anthropometric, blood pressure and lipid measurements Body weight (BW) was measured to an accuracy of 0.1 kg using a standard beam balance scale for participants in barefoot and wearing light indoor clothing. Body height was recorded to the nearest 0.5 cm using a stadiometer. Waist circumference (WC) was measured to the nearest 0.1 cm at the midpoint between the inferior margin of the last rib and the iliac crest. Body mass index (BMI) was calculated using BW (kg) divided by the square of their height (m 2 ).
For the systolic (SBP) and diastolic blood pressure (DBP) measurements, participants were asked to rest for 10 min in a sitting position before their BP was taken on their right arm using appropriate cuff sizes. The first and fifth Korotkoff sounds were recorded for the SBP and DBP, respectively. The BP was measured again after a 5 min resting period and the average was used in the analyses. In between the two BP measures, heart rate was measured for 1 min.
A 12 h fasting blood sample was taken from students who maintained their usual dietary pattern within the past 3 days. The plasma glucose concentrations were analysed immediately after blood sampling and other assays were performed within a 2-week period of the sampling. Plasma glucose levels were measured using a standard method, serum total cholesterol (TC) using an esterase oxidase method, triacylglycerol using an enzymatic procedure and high-density lipoprotein (HDL) cholesterol using an enzymatic method with magnesium precipitation with the Synchron CX5 analyzer (Beckman Instruments, Palo Alto, California, USA). [16] [17] [18] [19] [20] Since all samples were collected after a 12 h fast and no triacylglycerol concentrations exceeded 4.52 mmol/L (400 mg/ dL), we used Friedewald's formula to calculate the lowdensity lipoprotein (LDL) cholesterol: LDL cholesterol = (TC − HDL cholesterol) − (triacylglycerol/5). 21 We also determined the ratio of total to HDL cholesterol (total: HDL cholesterol) for statistical purposes.
Definition of overweight, obesity and abnormal lipid profiles
The operational definition of overweight and obesity is determined by applying gender-specific and age-specific percentile cut-off points in a reference population (generally the 85th centile for overweight and 95th centile for obesity). Our study defined overweight and obesity as ≥85th centile value and ≥the95th centile value of BMI, respectively, using gender-specific and age-specific criteria from childhood obesity expert panel of the Department of Health (DOH), Taiwan. 22 The cut-offs for children for the abnormal lipid profiles were determined using guidelines from the American Heart Association (AHA). 3 Hypercholesterolaemia and hypertriglyceridaemia were taken as cholesterol greater than 200 mg/dL and serum triglyceride (TG) greater than 150 mg/dL, respectively. Low HDL dyslipidaemia was taken as serum HDL-C lower than 35 mg/dL, and dyslipidaemia was taken as one or more of the above listed abnormal lipid profiles found in the participants.
Statistical analysis
Continuous variables, anthropometric characteristics and lipid profiles with gender specification were described by sample means and SD. Age-adjusted means and SE were estimated using the general linear model (GLM). Categorical variables were expressed through frequency using percentages. To determine whether weight status was a predictor of dyslipidaemia, multivariate regression models were used to assess the association between dyslipidaemia and its subtypes with weight status. A two-tailed p value less than 0.05 was considered statistically significant. All statistical analyses were conducted by the statistical package SAS V.9.0 (SAS Institute Inc, Cary, North Carolina, USA).
RESULTS
In the 1996 survey, a total of 1353 children (676 boys and 677 girls) with a mean age of 13.0 (range 12-14-year-olds) were included. After adjusting for age, mean (±SE) TC was 151.6±1.1 and 161.5±1.1 mg/dL, TGs was 70.4±1.3 and 77.2±1.3 mg/dL, HDL-C was 53.7±0.5 and 55.1 ±0.5 mg/dL and LDL-C was 93.9±1.1 and 102.1±1.1 for boys and girls, respectively. In the 2006 survey, a total of 1203 children (585 boys and 618 girls) were included. After adjusting for age, mean (±SE) TC was 164.1±1.2 and 174.5±1.2 mg/dL, TGs was 70.9±1.4 and 72.1 ±1.4 mg/dL, HDL-C was 47.3±0.5 and 51.5±0.5 mg/dL and LDL-C was 93.0±1.1 and 97.0±1.1 for boys and girls, respectively. The anthropometric data and lifestyle characteristics for boys and girls in the 1996 and 2006 studies are presented in table 1. Overall, the age-adjusted mean BW, BMI and WC for boys increased from 1996 to 2006 (all p<0.05). However, the weight and BMI for girls slightly decreased in that same time period. Table 2 shows the age-adjusted prevalence and secular trends of hypercholesterolaemia, hypertriglyceridaemia, low HDL dyslipidaemia and general dyslipidaemia 1) . Table 3 demonstrates the age-adjusted prevalence of hypercholesterolaemia, hypertriglyceridaemia, low HDL dyslipidaemia and general dyslipidaemia separated by weight status in 1996 and 2006. The prevalence of all types of dyslipidaemia increased from 1996 to 2006 in †Low HDL dyslipidaemia is taken as serum HDL-C of age-specific, gender-specific and height-specific strata. ‡Hypercholesterolaemia is taken as cholesterol greater than or equal to the 90th centile of age-specific, gender-specific and height-specific strata. §Hypertriglyceridaemia is taken as serum triglyceride greater than or equal to the 95th centile of age-specific, gender-specific and height-specific strata.
¶Dyslipidaemia is taken as serum cholesterol, TGs, HDL-C of age-specific, gender-specific and height-specific strata. HDL, high-density lipoprotein; HDL-C, HDL-cholesterol; TGs, triglycerides. both sexes and weight statuses, except for hypertriglyceridaemia and low HDL-C dyslipidaemia for normal weight girls. When compared with normal weight participants, overweight boys and girls faced a 2-fold and 1.6-fold increased risk of dyslipidaemia, respectively, in the 2006 study. For hypercholesterolaemia and hypertriglyceridaemia, overweight boys had 1.3-fold and 12-fold increased risk, respectively, compared with normal weight boys. The increased risk of low HDL-C dyslipidaemia for overweight participants was 2.6-fold and 7.2-fold in boys and girls, respectively. Table 4 presents the logistic regression analysis of year trend, BMI and WC on hypercholesterolaemia, hypertriglyceridaemia, low HDL dyslipidaemia and general dyslipidaemia with gender specification after combined 1996 and 2006 data. In model 1, we found that year 2006 had a higher OR for hypercholesterolaemia, low HDL-C dyslipidaemia and dyslipidaemia (ORs was 2.310, 1.889 and 1.985, respectively) when compared with year 1996. Furthermore, each unit increment of BMI was associated with 28%, 14% and 14% increasing risk of hypertriglyceridaemia, low HDL-C dyslipidaemia and dyslipidaemia for boys, and 20% increasing risk of low HDL-C dyslipidaemia for girls. Each centimetre increase in WC was associated with 9% increased risk of low HDL dyslipidaemia in girls. Similar results were seen in model 2; increment of BMI and WC were as associated with abnormal blood lipid profiles after adjusting for age, cigarette smoking, alcohol consumption, puberty status and time trend.
DISCUSSION
The present study represents the analysis of secular trends in dyslipidaemia in Taiwanese children from 1996 §Hypercholesterolaemia is taken as cholesterol greater than or equal to the 90th centile of age-specific, gender-specific and height-specific strata.
¶Overweight (include obesity) is defined as the overweight and obese status criteria of children in Taiwan. **Hypertriglyceridaemia is taken as serum triglyceride greater than or equal to the 95th centile of age-specific, gender-specific and height-specific strata. † †Low HDL dyslipidaemia is taken as serum HDL-C of age-specific, gender-specific and height-specific strata. ‡ ‡Age-adjusted prevalence. HDL, high-density lipoprotein; HDL-C, HDL-cholesterol; TGs, triglycerides.
to 2006. Examination of the anthropometric and lipid statuses over the 10-year period found an increase in hypercholesterolaemia and dyslipidaemia in both sexes and an increase in low HDL dyslipidaemia in boys. Prevalence of hypertriglyceridaemia and low HDL dyslipidaemia increased in boys, but not in girls. BMI was associated with hypertriglyceridaemia, low HDL dyslipidaemia and dyslipidaemia in boys and low HDL dyslipidaemia in girls. WC showed similar associations, however, to a much lower degree.
There are several limitations to be noted in the calculation and interpretation of our anthropometric results. First, the cross-sectional study design may have yielded biased results; however, the large sample size should make up for any students who had any medical history or treatments. Second, the measurement bias of the cut-off points of BMI in the definition of overweight and obese that may have biased this association between adiposity and lipid characteristics. Using a universal BMI cut-off point for overweight and obesity may not be *Hypercholesterolaemia is taken as cholesterol greater than or equal to the 90th centile of age-specific, gender-specific and height-specific strata. †Hypertriglyceridaemia is taken as serum triglyceride greater than or equal to the 95th centile of age-specific, gender-specific and height-specific strata. ‡Low HDL dyslipidaemia is taken as serum HDL-C of age-specific, gender-specific and height-specific strata. §Dyslipidaemia is taken as serum cholesterol, TGs, HDL-C of age-specific, gender-specific and height-specific strata. BMI, body mass index; HDL, high-density lipoprotein; HDL-C, HDL-cholesterol; TGs, triglycerides; WC, waist circumference.
appropriate for comparing the prevalence of obesity and its association with abnormal lipid profiles among different ethnic groups. Third, we used GLM and multivariate regression models to examine the prevalence of dyslipidaemia which may be associated with somewhat biased results. Finally, we did not assess the different factors which may have impacted the trend such as diet, puberty, alcohol or smoking habits. Further assessment of environmental factors, such as nutritional condition, dietary and physical activity habits, may have garnered greater insight on the relationship among those factors and dyslipidaemia.
The increase in overweight and obesity mirrors secular trends in adolescent weight status found in the USA during the 1980s and 1990s in the US NHANES (National Health and Nutrition Examination Survey) studies. 23 Similarly, trends in dyslipidaemia found in our study were similar to findings from the Princeton School study, Bogalusa Heart study and Minneapolis Blood Pressure study. The Princeton study also reported a higher prevalence in hypercholesterolaemia (8) (9) (10) (11) (12) (13) (14) .8%) in the study participants from 1975 to 1990. 24 Likewise, studies carried out in North Indian and Greek populations have shown similar trends in weight status and dyslipidaemia. 25 26 The North Indian study reported a decline in HDL-C levels for boys (−4.6 mg/dL) and a smaller non-significant difference in girls. 26 Greek school-aged boys were found to have higher mean TC (5.8 mg/dL) and TGs (10.8 mg/dL), and lower HDL-C (−16.9 mg/dL). 25 The increase in abnormal lipid statuses in children with rising childhood obesity corresponds with epidemiological evidence of obesitycaused dyslipidaemia and mechanisms of the obesitydyslipidaemia linkage. 27 Secular trends in weight status have varied widely among different countries. A study of 18-year-old boys in Austria also reported a decrease in TC level and increase in TGs despite an increased prevalence of overweight (13.3-15.7%) and obesity (2.6-5.4%) between 1986 and 2005. 28 An even larger trend in decreased cholesterol level was also reported in Finland and Swedish adolescents. 29 30 Several studies have cited physical activity as an important factor for determining abnormal lipid status. A Welsh study that compared the cardiovascular risk factors in 12-13-year-olds, between 2002 and 2007, found improvements in mean lipid concentrations in both sexes. No change in dietary habits was reported, but there was a significant increase in physical activity. 31 Our results showed that overweight children faced a higher risk of dyslipidaemia and low HDL dyslipidaemia than those at normal weight. Overweight boys also faced a higher risk of hypertriglyceridaemia than normal weight boys. Several studies reported similar associations between weight status and lipid levels in adolescents. In a study on Korean male adolescents divided into three groups according to BMI tertiles, Kim et al reported that the heaviest group showed the highest levels of abnormal lipid statuses. 32 Christian et al also reported an OR of 3.0 for obese men and 2.9 for obese women for low HDL dyslipidaemia from the US NHANES 2005-2008 study. 33 The same study also found elevated risk for hypertriglyceridaemia with an even higher OR of 8.2 and 13.4 for boys and girls, respectively. In a Chinese study, with cut-offs determined by WC, overweight (>75-90th centile) and obese (>90th centile) adolescents had an OR of 1.7 and 3.8, respectively, for dyslipidaemia. 34 It has also been reported that directly measured body fat percentage was associated with lipid concentrations in adolescents in the USA. The β coefficients of linear regression models for TC, HDL-C and TGs were 0.94, −0.45 and 1.02, respectively, for boys, and 0.55, −0.45 and 1.01, respectively, for girls. However, Lamb et al note that body fat percentage accounted for 2-20% of the variation in lipid concentrations, suggesting family history and pubertal status as other factors that might influence lipid concentrations in youths. 35 BMI and WC are indirect measurements of body fat that are more convenient methods to screen for dyslipidaemia in adolescents. Our results showed BMI and WC statistically elevated the risk of hypertriglyceridaemia, low HDL-C dyslipidaemia and dyslipidaemia. Per unit BMI or WC increase, each abnormal blood lipid status was more strongly associated with increases in BMI. For the unit increment in BMI, the OR for hypertriglyceridaemia was 1.29 and 1.07 for boys and girls, respectively. For low HDL-C dyslipidaemia, the OR was 1.13 and 1.25 for boys and girls, respectively. Boys had a higher association between each unit increase in BMI and dyslipidaemia, with an OR of 1.13, whereas the OR for girls was 1.06. Another study on adolescents in the USA reported an association between BMI-determined obesity and TG/HDL ratio (r=0.18). 36 However, other studies have pointed out that WC within BMI category was better than BMI alone in identifying individuals with higher levels of abdominal fat, and may identify normal or overweight BMI individuals with CVD risk factors. 34 37 This should be taken into consideration as a possible approach to screening dyslipidaemia in adolescents.
In order to prevent or mitigate the increasing trend of dyslipidaemia in the future, we recommend an early screening prevention programme for high risk, overweight and obese individuals, followed by a populationbased intervention programme. 38 Identification of children and adolescents at a high risk of CVD includes general assessments provided by paediatric care providers and parents and screening for risk assessments such as lipids and lipoprotein levels, BP, body size and family history. These risk interventions include dietary, behavioural and pharmacological approaches, which are key factors in the prevention of dyslipidaemia among children and adolescents. 39 40 In summary, our analyses of cross-sectional survey from 1996 to 2006 data from the Taipei Children Heart Studies showed an increase in mean weight and BMI in adolescent boys, and dyslipidaemia prevalence in both sexes. The data also showed an increased risk of dyslipidaemia in overweight children compared with normal weight children. A significant association between BMI and dyslipidaemia was noted. However, further studies are warranted to elucidate how dyslipidaemia, obesity and health behaviours have changed over time in Taiwan. We predict that this trend will be seen again if conducted in the future, such as in 2016, due to the current diet and lifestyle habits of children. We recommend that screening for obese adolescents would be an ideal tool to develop an intervention programme for obesity-related comorbidities in the future. We believe that health education, healthy eating behaviours and physical activity programmes will result in successful intervention programmes.
